Multiple 3d orbitals contribute to the low energy electronic structure in the newly discovered iron-based superconductors. The specific orbital characters of the multi-bands are crucial for constructing microscopic models. We here report strong polarization dependence of the angleresolved photoemission spectra of BaFe 1.85 Co 0.15 As 2 . Our analysis identifies the orbital characters of the low lying electronic structure to be quite different from the existing calculations.
is in (or out of) the mirror plane. All the data were taken with Scienta electron analyzers at 10K, the overall energy resolution is 15meV, and angular resolution is 0.3 degree. The sample was cleaved in situ, and measured under ultra-high-vacuum of 1 × 10 −10 torr.
Photoemission intensity map at E F for BaFe 1.85 Co 0.15 As 2 is shown in Fig. 1 Let us first consider the electronic structure around Γ in the Γ-M direction. Photoemission data taken in σ and π geometries are compared in Fig. 2 . Two sets of bands could be observed in the π geometry (assigned as α and β band respectively), while only the α band is obviously observed in the σ geometry (there are some very weak traces of β band near E F ). Note that the dispersion of the α band changes slightly in two experimental geometries [Figs. 2(c) and 2(g)], possibly due to the influence of the β band in the π geometry.
The matrix element of the photoemission process can be described by
, whereε is the unit vector of the electric field of the light [18] . For high kinetic-energy photoelectrons, the final-state wavefunction φ k f can be approximated by a plane-wave state e ik·r with k in the mirror plane for the analyzer slit setup in Fig. 1(a) . As a result, it is even with respect to the mirror plane. For the photoemission process to be symmetry-allowed, (ε · r)|φ k i must be even. In turn, it gives that the initial state wavefunction φ k i must be even (or odd) with respect to the mirror plane in the π (or σ) experimental geometry.
With respect to the xz-plane, the d yz and d xy orbitals are odd, and the d xz , d x 2 −y 2 and d z 2 orbitals are even, as illustrated in Fig. 2(a) . Therefore, the β band that almost disappears in σ geometry is dominated by the d xz , d x 2 −y 2 or d z 2 orbitals. On the other hand, the α band could be observed in both geometries. Based on the MDC's in Figs. 2(e) and 2(i), the α band has even stronger intensity than the β band in π geometry. Therefore, the α band contains both even and odd orbitals significantly.
Further along the Γ − M cut, the states around M also show strong polarization dependence [ Fig. 3 ]. Band calculations predicted two bands around M that cross E F as sketched in Fig. 3(b) [4, 5, 7] , which have been observed before [9, 10] . We can thus conclude that near
while γ and α ′ are made of d xy or d yz orbitals [ Fig. 3(g) ]. It has been suggested that both γ and γ ′ bands are of even symmetry in the SDW state of SrFe 2 As 2 [9] . However, note that our data are consistent with the normal state data of BaFe 2 As 2 in Ref. [10] , thus, the discrepancy suggests that the SDW or doping might influence the electronic structure significantly. We leave this to further investigations in the future.
The observed orbital characters are hard to be understood within the current band calculation results [6, 7] . Considering the five-band models constructed by fitting the LDA [6, 7] . Since the α band contains both odd and even components (named as α π and α σ respectively hereafter), the d xz with even symmetry alone cannot account for the observation. Moreover, the β band is largely suppressed in σ geometry, and thus it must be mostly even, while theory predicted it to be odd (d yz ). Similarly around M, the calculations suggest that the large and small electron pockets along Γ−M are made of the d xy and d yz orbitals respectively, both of which are odd.
But in experiments, the large (γ ′ ) and the small (γ) pockets show even and odd symmetry respectively.
There is another important constraint put by the experiment. Namely in the π geometry, the intensities of the same band on opposite sides of Γ show a strong asymmetry of
To understand this, Fig. 4 shows the calculated photoemission matrix elements in the π geometry for the d xz , d z 2 and d x 2 −y 2 contributions to the photoemission matrix element at k x = ±0.15Å −1 , and k z in the range of 0 to 5Å −1 . We have neglected the possible complication from the k z dispersion, since it is not so prominent in the non-SDW state [11, 19] . To fit the experimental intensity asymmetry, the final state k z is about 0.4Å −1 for the d xz case [ Fig. 4(a) ]. The photoemission matrix element of d z 2 is comparable with that of d xz , but has the opposite asymmetry at low k z . On the other hand, We summarize our experimental orbital assignments of the bands in Table-I. A few remarks are listed as follows: (1) Strong polarization dependence has been reported recently by several ARPES groups [9] [10] [11] . These experiments were done on the parent compounds of iron-based superconductors. The analysis of orbital characters from these experiments was not straightforward due to the presence of lattice distortion and magnetic ordering. Our results show significant differences compared to those in the SDW states [9, 11] when strong electron-electron correlation is included [21] . (4) The current five-band models cannot explain our experiments, which is not entirely unexpected. For example, the Fermi sphere in the Γ − Z direction, which was predicted by band calculations and attributed to d z 2 in BaFe 2 As 2 compounds, has never been observed so far. The discrepancy between the theoretical band structures and our experimental results suggests that electron-electron correlation may play an important role.
To summarize, we have carried out a systematic investigation of orbital characters in 
